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Hydrof luorination catalyst and process 

The present invention relates to a hydro- 
fluorination catalyst based on chromium oxide used in 
particular to convert halogenated hydrocarbons under 
the action of hydrogen fluoride. 

A great many catalysts have been described for 
the hydrof luorination reaction of halogenated aliphatic 
hydrocarbons under the action of hydrogen fluoride. 
Mention has generally been made of oxides or halides of 
chromium, aluminium, titanium, nickel, tin, antimony or 
other metals, used as such or deposited on a support, 
such as active charcoal, graphite or alumina. 

The widely used chromium catalysts include 
mainly chromium fluorides , chromium oxyf luorides and 
chromium oxides, mainly chromium sesquioxide (Cr203) . 

Canadian Patent CA 861 572 discloses the 
synthesis and use of anhydrous chromium oxide as 
catalyst in hydrof luorination reactions of chlorinated 
or brominated hydrocarbons. However, no information is 
given with regard to the purity of the catalyst 
obtained according to the preparation processes 
disclosed in the patent. 

Patent Application WO 92/19576 discloses the 
use of chromium oxide as hydrof luorination catalyst in 
the presence of hydrogen fluoride and its preparation 
by thermal decomposition of ammonium- dichromate. The 
presence of traces of alkali metals and more 
particularly of potassium is very harmful to the 
activity of this catalyst . 

It transpires that the activity of . chromium 
oxide as hydrof luorination catalyst can vary in 
particular as a function of its preparation process, of 
its specific surface area, of its state of 
crystallinity , of the oxidation state of the chromium 
or of its amorphous nature without, however, a coherent 
explanation with regard to its activity being provided. 

The Applicant Company has found that the 
catalytic activity of a catalyst based on chromium 



oxide is highly dependent on the amount of ammonium 
salts present in the catalyst. More particularly, the 
Applicant Company has found that the catalytic activity 
of such a catalyst is inversely proportional to the 
amount of ammonium salts present as impurity in the 
catalyst . 

One object of the present invention is 
consequently to provide a hydrof luorination catalyst 
based on chromium oxide which is poor in ammonium 
salts. 

The ammonium salts present in the catalyst can 
exist in particular in the form of an ammonium halide, 
such as ammonium chloride or ammonium fluoride , or in 
the form of another inorganic or organic acid salt, 
such as . ammonium nitrate, ammonium chromate, ammonium 
bichromate or ammonium acetate. 

The catalysts according to the invention 
typically include less than 1% of ammonium salts. They 
preferably exhibit a content of ammonium salts of less 
than or equal to 0.5% by weight. The content of 
ammonium ions in the catalyst is preferably less than 
or equal to 0.2% by weight. Excellent results are 
obtained with a catalyst for which the content of 
ammonium ions is less than or equal to 0.1% by weight. 
Particularly advantageous results are obtained with a 
catalyst for which the content of ammonium ions is less 
than or equal to 0.05% by weight. 

By convention, in the present description, the 
values mentioned for the content of ammonium salts in 
the catalyst according to the invention relate to the 
content of NH4"*' ions with respect to the content pf 
chromium in the catalyst, expressed in the form of 
CrzOa . 

The chromium oxide used in the catalyst 
according to the present invention can exhibit a 
variable specific surface area greater than or equal to 
20 m^/g and less than or equal to 500 m^/g, determined 
according to the BET (Brunauer Emmet Teller) method. 
Generally, the pore volume of the catalyst, determined 



according to the nitrogen adsorption method, is greater 
than or equal to 0.05 cm^/g and less than or equal to 
1 cm^/g. The catalyst can be entirely amorphous or 
entirely crystalline, just as it can be partially 
amorphous and partially crystalline. The chromium oxide 
in the catalyst according to the invention is generally 
essentially in the III oxidation state but the catalyst 
can also comprise variable amounts of chromium in an 
oxidation state of greater than III, such as, for 
example, chromium (VI) . 

Typically, it can be synthesized according to 
one of the processes known to a person skilled in the 
art and more particularly either by reduction of 
chromium (VI) oxide (CrOa) by an alcohol, such as 
ethanol, or by dehydration at high temperature of a 
chromium (III) hydroxide gel or by pyrolysis of ammonium 
dichromate. In the latter case, the chromium oxide 
obtained during the high- temperature (generally greater 
than 500°C) pyrolysis stage is generally cooled under a 
stream of air and washed several times until there are 
no more signs of ammonium ions in the washing solution. 

In the catalyst according to the present 
invention, the- chromium oxide can be used either as 
such, in the bulk form, or it can be deposited on a 
support, such as active charcoal, graphite, alumina, 
fluorinated alumina, magnesium oxide, and the like. The 
catalyst according to the invention is preferably 
composed of chromium oxide in the bulk form. 

It can additionally comprise other metals or 
salts of other metals and their mixtures as 
cocatalysts. Mention may be made, among metals or metal 
salts which can generally be used, of, for example, 
cobalt, titanium, manganese, tin, antimony, nickel or 
zinc and their salts and their oxides. The metal 
derivatives can be incorporated in the chromium 
catalyst according to various processes, such as 
impregnation of the chromium oxide by a metal compound, 
by coprecipitat ion of precursors or by mixing and 
milling solid metal compounds. 



It is generally advantageous to calcine the 
catalyst before use. Conventionally, this calcination 
is carried out under a stream of inert gas at a 
temperature greater than or equal to 200 °C and less 
than or equal to 600^C. Advantageously, the calcination 
temperature is greater than or equal to 250°C and less 
than or equal to 450 °C. The inert gas is . generally 
chosen from nitrogen or rare gases, such as helium, 
argon or neon. For economic reasons, nitrogen is 
preferred. The calcination time is usually between 
2 hours and 20 hours. The calcination time is 
advantageously greater than or equal to 4 hours and 
less than or equal to 16 hours. The calcination time is 
preferably greater than or equal to 6 hours and less 
than or equal to 14 hours. 

The catalyst is generally pretreated with 
hydrogen fluoride before being employed in a hydro- 
fluorination reaction. It is believed that this 
pretreatment converts the chromium oxide which is found 
at the surface to chromium oxyfluoride. This 
pretreatment is generally carried out in a reactor, 
usually that which is used for the hydrof luorinat ion 
reactions according to the invention, by passing 
hydrogen fluoride over the calcined and dried chromium 
oxide, so as to saturate the chromium oxide with 
hydrogen fluoride. This pretreatment usually takes 
place over a period of time ranging from 15 to 
300. minutes at a temperature generally of between 200 
and 700°C. This . pretreatment is often useful but is not 
essential for the satisfactory operation of the process 
according to the present invention. 

Whatever the method of preparation of the 
chromium oxide, it is particularly advantageous for the 
pretreatment with hydrogen fluoride to be carried out 
on a catalyst based on chromium oxide which is poor or 
which has been depleted beforehand in ammonium salts. 

Another subject-matter of the present invention 
is a method for the preparation of a catalyst based on 
chromium oxide which is poor in ammonium salts, 



typically either by calcination of an appropriate 
chromium compound at a temperature of 300 to 500°C, 
preferably while flushing with an inert gas, such as 
nitrogen, or by washing the crude chromium oxide with 
water, optionally followed by a stage 'of processing the 
chromium oxide with other constituents of the catalyst, 
by calcination and by treatment with hydrogen fluoride. 

Another object of the present invention is to 
provide a process for the hydrof luorination of 
halogenated hydrocarbons by the action of hydrogen 
fluoride on a halogenated hydrocarbon in the presence 
of such a catalyst. 

The term "hydrof luorination" is understood to 
mean the addition reaction of hydrogen fluoride to a 
carbon-carbon double bond and the substitution reaction 
of a halogen atom, generally chlorine or bromine, by a 
fluorine atom on a saturated substrate. 

In the context of the present invention, the 
hydrof luorination reactions take place under the 
catalytic action of the catalyst based on chromium 
oxide, introduced as such into the reaction mixture or 
fluorinated beforehand by reaction with hydrogen 
fluoride. 

The halogenated hydrocarbon used in the process 
according to the invention can be an aliphatic alkane 
corresponding to the general formula CwHxXyFz (I) , in 
which w is. an integer between 1 and 6, x is an integer 
between 0 and (2w +1) , y is an integer between 1 and 
(2w +1) , z is an integer between 0 and (2w +1) , the sum 
(x + y + z) has the value {2w +2) and X represents 
chlorine or bromine. Advantageously, the halogenated 
hydrocarbon used in the process according to the 
invention is an aliphatic alkane corresponding to the 
formula (I) in which w is an integer between 1 and 4 
and X is an integer between 1 and 2w. 

Mention may be made, as non- limiting examples 
of halogenated alkanes used in the process according to 
the invention, of dichloromethane , chlorof luoromethane , 
chlorodif luoromethane, 1 -chloro- 1 - f luoroethane , 1, 1-di- 



chloro- 1 - f luoroethane , 1 -chloro- 1 , 1 -dif luoroethane , 

chlorotetraf luoroethane isomers, dichlorotrif luoro- 
ethane isomers, trichlorodif luoroethane isomers, 
tetrachlorof luoroethane isomers , pentachloroethane or 
compounds of general formulae C3H3CI (5.3) Fz and 
C4H5CI (8-z) Fz with z representing an integer which can 
take the values from 1 to 4 . 

The halogenated hydrocarbon used in the process 
according to the invention can also be an aliphatic 
alkene corresponding to the general formula 
CwHxXyFz (I)/ in which w is an integer between 1 and 6, 
X is an integer between 0 and (2w - 1) , y- is an integer 
between 1 and (2w - 1) , z is an integer between 0 and 
(2w - 1) , the sum (x + y + z) has the value 2w and X 
represents chlorine or bromine. The halogenated hydro- 
carbon used in the process according to the invention 
can also advantageously be an aliphatic alkene 
corresponding to the formula (I) in which w is an 
integer between 1 and 4 . 

Mention may be made, as non-limiting examples 
of halogenated alkenes used in the process according to 
the invention, of 1 , 1 -dichloroethylene , trichloro- 
ethylene, perchloroethylene , vinyl chloride, 3,3, 3-tri- 
chloroprop- 1 -ene , 1,1, 3 - trichloroprop-l-ene , 1,1,3,3- 
tetrachlorobut-l-ene, 1,1,1, 3 - tetrachlorobut -2 -ene , 

1,1,1, 3 -tetrachlorobut -3 -ene, 1,1,4,4, 4 -pentachlorobut- 

1- ene , 1,1,1, 3 - tetrachloroprop-2 -ene , 1,1,3, 3 - tetra- 
chloroprop-l-ene, 1,1,3, 3 - tetrachloro-2 -methylprop- 

2 - ene , 1,1,1, 3 -tetrachloro-2 -methylprop- 2 -ene , 
1,1,1,3,3 -pentachloroprop-2 -ene, 3 -chloro- 1 , 1 , 1-tri- 
f luoroprop-2 -ene and the mixtures of these compounds. 

An aim of the invention is thus to produce, 
starting from saturated or unsaturated halogenated 
hydrocarbons, fluorinated or chlorof luorinated alkanes 
which comprise more fluorine atoms and fewer chlorine 
atoms than the reactants used. The invention is 
targeted in particular at the synthesis of fluorinated 
hydrocarbons, such as in particular dif luoromethane, 
pentaf luoroethane, 1,1,1, 2 -tetraf luoroethane , 1,1,1- 



trif luoroethane, 1 , 1-dif luoroethane, 2 , 2-dichloro- 
1,1, 1-trifluoroe thane, 1/1, 1-trif luoro-2-chloroethane, 
1,1,1,3, 3-pentaf luoropropane, 1,1,1,3 , 3-pentaf luoro- 

butane, 1,1,1,3,3, 3 -hexaf luorobutane , 1,1,1,3,3 -penta- 
f luoro-2-methylpropane and 1,1,1,3,3, 3 -hexaf luoro- 
propane . A more particular aim of the invention is the 
preparation of fluorinated alkanes not comprising a 
chlorine atom under the catalytic action of a chromium 
oxide which is poor in ammonium salts. 

A more particular aim of the invention is to 
produce, under the action of the catalyst according to 
the invention, pentaf luoroethane by hydrof luorination 
of perchloroethylene, dif luoromethane by hydro- 
f luorination of dichloromethane , 1 , 1 , 1 , 2 - tetra- 
f luoroethane by hydrof luorination of 2-chloro- 
1,1, 1-trif luoroethane and 2-chloro-l, 1, 1-trif luoro- 
ethane by hydrof luorination of trichloroethylene . 

The hydrof luorination reaction can be carried 
out in the gas phase or in the condensed phase. The gas 
phase is preferred. 

The process according to the present invention 
is generally carried out continuously. 

The molar ratio of the hydrogen fluoride to the 
halogenated hydrocarbon employed is usually greater 
than or equal to 1 and less than or equal to 100. This 
molar ratio is advantageously greater than or equal to 
3 and less than or equal to 50. This molar ratio is 
preferably greater than or equal to 4 and less than or 
equal to 20. 

The reaction pressure is not critical. A 
pressure of between 1 and 10 bar is usually highly 
suitable. 

The reaction temperature is generally between 
ambient temperature and 600 ^C. The reaction temperature 
is advantageously greater than or equal to 100°C and 
less than or equal to 500°C. The reaction temperature 
is preferably greater than or equal to 200°C and less 
than or equal to 4 50<=*C. 



Generally, the higher the reaction temperature, 
the greater the HF/halogenated hydrocarbon molar ratio 
and the longer the contact time, the higher the degree 
of conversion of the reactants to fluorinated hydro- 
carbons and the greater the degree of hydro- 
f luorination. The parameters mentioned above can be 
adjusted so as to obtain the desired product with high 
selectivity, a high degree of conversion and a high 
yield. 

The unconverted reactants and the intermediate 
compounds can advantageously be recycled in the hydro - 
fluorination reactor to increase the productivity with 
respect to the desired fluorinated product . 

The process according to the invention can be 
carried out in any type of reactor or apparatus which 
is resistant to pressure, to hydrogen fluoride and to 
hydrogen chloride and, in the case of a continuous 
process, which makes it possible to continually 
maintain a substantially stable composition of the 
reaction mixture. The process according to the 
invention is generally carried out continuously in a 
gas phase reactor equipped with a device for 
introducing the reactants, in the liquid or gas phase, 
and for withdrawing a gas stream, for example in a 
tubular reactor filled with a stationary catalyst bed. 

The optimum residence time, expressed as the 
ratio of the total throughput of the reactants (at 
reaction temperature and pressure) to the free volume 
of the reactor, can generally vary from 5 seconds to 
10 minutes. 

The examples below illustrate the invention 
without implied limitation. In these examples, the 
degree of conversion of the halogenated hydrocarbon is 
the ratio of the amount employed, decreased by the 
amount unconverted, to the amount employed, multiplied 
by 100; the selectivity for fluorinated or chloro-' 
fluorinated alkane is the ratio of the amount of 
fluorinated or chlorof luorinated alkane formed to the 
amount which would have been formed if all the 
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halogenated hydrocarbon converted had generated 
f luorinated or chlorof luorinated alkane ; the overall 
selectivity is the sum of the select ivities of all the 
intermediates which can be ^ recovered as the desired 
5 f luorinated or chlorof luorinated alkane; the yield of 
fluorinated or chlorof luorinated alkane is the product 
of the degree of conversion by the selectivity for this 
fluorinated or chlorof luorinated alkane. 

Examples 1-10 

2 0 cm"^ of bulk chromium oxide including a 
variable content of NH4'^ and a hydrogen 
f luoride/perchloroethylene (PER) mixture in a molar 
ratio of 10 mol/mol were introduced into a cylindrical 
autoclave with an internal diameter of 15 mm. The 
reaction pressure was maintained at 1 bar and the 
temperature at 350 °C. The residence time was 
12.5 seconds. The main product obtained is 1,1,1,2,2- 
pentaf luoroethane (HFC-125) . 

, The results are collated in Table I below. 

Q - . • 

M Table I 



Test No. 


(%) 


Degree of 
conversion of 
the PER (%) 


Yield of 
HFC-125 (mol%) 


Overall 

selectivity 

(mol%) 


1 


0.27 


43 


12 


73 


2 


0 . 17 


63 


30 


79 


3 


0 . 11 


69 


34 


81 


4 


0 .07 


85 


47 


80 


5 


0 .05 


96 


58 


81 • 


6 


0 . 001 


95 


58 


85 


7 


0 . 001 


96 


59 


85 


8 


0 . 001 


97 


60 


84 


9 (C) 


6.5 


7 


0.2 


85 



10 



m 

Q 
"^1 



15 



20 



25 



(C) indicates a comparative example, not in accordance 
with the invention. 



